The light saturated rate of photosystem I-dependent electron transport (ascorbate/dichlorophenolindophenol -. methyl vilogen in presence of 1 micromolar 3-13,4dichlorophenyll-1,1-dlmethyl urea IDCMUI) was increased by a high concentration of DCMU added to broken and uncoupled chloroplasts Isolated from pea (Pissun sativwn). At Pennsylvania, pp [140][141][142][143][144][145][146][147] 1968). A scheme has been proposed for multiple sites of DCMU action on the electron transport system in chloroplasts.
the rate in coupled chloroplasts indicated an additional DCMU action, presumably by uncoupling the chloroplasts from phosphorylation, as suggested by Izawa (Shibata et al., eds, Comprehensive Biochemistry and Biophysics of Photosynthesis, University Press, State Coliege, Pennsylvania, pp [140] [141] [142] [143] [144] [145] [146] [147] 1968) . A scheme has been proposed for multiple sites of DCMU action on the electron transport system in chloroplasts.
DCMU is best known as an inhibitor of photosynthetic electron transport between Q, the primary electron acceptor of PSII, and plastoquinone (7) . It has been reported that DCMU has additional effects on PSII, namely, a direct inhibition of the reaction center (6) (or a site between water oxidation and the reaction center [17] ) and an acceleration of deactivation of certain intermediate states ofthe water-splitting enzyme system (16) . All of these effects of DCMU are completed at concentrations below 5 ,UM. The PSI activities are insensitive to DCMU at concentrations sufficient to saturate its effects on PSII activities (see Ref. 5) . At high concentrations (>100/,M) of DCMU, however, PMS1, or pyocyaninemediated cyclic photophosphorylation, is inhibited (3, 8) . High DCMU (>100 pM) increased the rate of PSI electron transport ' Abbreviations: MV, methyl viologen; DCIP, 2,6-dichlorophenol indophenol; DAD, 2,3,5,6-tetramethylphenylenediamine (Diaminodurene); TMPD, N,N,N',N'-tetramethyl-p-phenylenediamine; PMS, phenazine methosulfate.
(ascorbate/DCIP -* MV), the magnitude of increase being apparently parallel to that of the inhibition of cyclic photophosphorylation (12) . The result has been interpreted in terms of an uncoupling effect of high DCMU (>100 ltM) on PSI. This report describes a stimulation of the rate of PSI electron transport by DCMU (<100 pm), which is not due to uncoupling but probably due to increasing the rate constant of electron donation from DCIP to the electron transport chain at a site prior to the site of energy coupling.
MATERIALS AND METHODS
Class II chloroplasts were isolated from peas (Pisum sativum) as described previously (4) . The chloroplasts were washed in 10 Experimental conditions were the same as in Figure 1 , except that the concentration of each inhibitor was 50 ju. SD ,UM cannot be due to uncoupling of the thylakoids from protongradient formation because (a) the chloroplasts were uncoupled by addition of 5 mm NH4Cl and (b) no change in the rate was noted when no uncoupler was added (Table II) .
DCIP is known to donate electrons at two sites in the electron transport chain between PSII and PSI (Ref. 1, for review): one site (site I) is at or close to P700, and the other (site II) is between plastoquinone and CytJf It has been suggested (2, 9) that one of the energy coupling sites is located between these two sites of electron donation. It is also known that the TMPD/ascorbate donor system is not coupled to ATP formation (10, 18) , presumably donating electrons at or near site I of DCIP donation (13) .
The two observations, (a) that 50 AM DCMU had no effect on the rate in chloroplasts with DCIPH2 as donor and (b) that in chloroplasts with TMPD as donor, 50 AM DCMU had essentially no effect, indicated clearly that site I was not affected by DCMU.
From the above arguments, the reasonable conclusions are that site II (the primary site of electron donation by DCIPH2) (11) imposes a rate limitation in uncoupled chloroplast to the reaction DCIPH2 --MV (14) and that DCMU increased the rate constant of this step. Because, in coupled chloroplast, the rate-limitation is imposed by the energy coupling itself with the formation of proton gradient, 50 Am DCMU had no effect in coupled chloroplasts.
Izawa (12) As a practical point, it may be noted that the experiments have been done in the presence of ascorbate and MV, but the contribution of superoxide to the rate of 02 uptake has not been determined. Assuming that the fraction of the rate contributed by the superoxide reaction with ascorbate is the same in the high-DCMU sample as it is in the control, the corrected magnitude of the stimulation of the PSI rate by high DCMU would be higher than that estimated in-this report.
From our observation and the discussion above, we propose a scheme for multiple effects of DCMU in the various concentrations on the electron transport system of chloroplast (Fig. 3) . A recent study (15) has shown that a specific polypeptide associated with PSII complex contains the binding site for DCMU, resulting in an inhibition of electron transport between Q and plastoquinone. Stimulation of PSI rate by 50 jAM DCMU may result from direct binding of DCMU to another site which is closer to PSI and which has a different binding constant. Alternatively, DCMU at high concentration alters the membrane organization in such a way that the primary site or DCIPH2 donation (site II, Fig. 3 ) is affected. The scheme proposed (Fig. 3) does not exclude either of these possibilities.
The observations reported here suggest that the site of DCMU action in PSI stimulation is not identical to the commonly known site of DCMU inhibition of electron transport between Q and 
